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(54) An optical sensor 

(57) Disclosed is an integrated miniaturized bio- 
chemical sensor (50) which can be used to make critical 
angle measurements resulting from the differences in 
refractive index between the sensor's housing (55) and 
a given sample (40) . In one embodiment, the sensor 
includes a device platform (111) over which an encap- 
sulating and light transmissive housing (115) is formed 
to enclose the various sensor components including a 
light source (105). and a photodetector (107).a signal 



processing unit (95) and a temperature sensor (95). In 
another embodiment the housing (115) has a reflective 
mirrored surface (119) which focuses the light (1 1 7) from 
the light source (105) onto a sensing surface (121) 
which is in interact with the sample (40) of interest. Light 
incident from the sensing surface (1 21 ) is directed at the 
photodetector (107,159) which may be an array or sin- 
gle cell. A temperature sensor (95) may also be included 
and coupled to the platform(1 1 1 ). 
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D scrlption 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to the field 
of optical sensors, and in a particular exannple, to an 
integrated optical sensing device for making critical an- 
gle measurements of light reflected from a surface pre- 
disposed about a given sample of interest permitting 
qualitative or quantitative analysis of the sample. 

BACKGROUND OF THE INVENTION 

Without limiting the scope of the invention, its back- 
ground is described in connection with an optical sensor 
that may be used to detect the presence of a given sam- 
ple of interest such as a gas. liquid or solid. 

Sen soring systems for refractive index measure- 
ments using critical angle are well known in the art, as 
are the principles of physics underlying the measure- 
ment of critical angle to determine refractive index of a 
medium. Critical angle is a function of refractive index. 
At angles of incidence larger than the critical angle, total 
internal reflection may be observed. Total internal reflec- 
tion occurs when light rays are incident from a medium 
of a high index of refraction onto a medium of lower re- 
fractive index. 

Devices in the prior art typically require a user to 
Interpret the characteristic transition from transmission 
to total internal reflection; in most refractometers, a liq- 
uid is enclosed between two glass prisms and total in- 
ternal reflection at the interface is observed visually. Pri- 
or current liquid level sensors are sensitive only to the 
presence or absence of liquid in a given liquid chamber 
They also require an optical medium of glass to be in 
the liquid chamber, which can effect changes in fluid flow 
patterns. 

One embodiment of the present invention provides 
for detection of not only the presence of a liquid, but 
whether the liquid is sufficiently composed of a certain 
constituent. As such, the present invention is particularly 
useful in compressor operations, in which insufficient oil 
lubricant causes failure of the compressor. Among the 
many potential useful applications, the present inven- 
tion may be used to prevent such failure by determining 
whether an oil reservoir containing an oil and refrigerant 
mixture has a sufficient percent composition of oil to 
keep it from malfunctioning. The present invention may 
also be employed in quality control applications to detect 
whether a solution falls below or exceeds a given thresh- 
old percentage of a component of interest. 

Another limitation of the prior art sensors is that they 
are large and not fully integrated. The high number of 
independent components, Interface structures, and ad- 
ditional circuitry increases total system cost and main- 
tenance. Embodiments of the invention solve many of 
these problems by integrating the electro-optic compo- 
nents within a single protective housing. 



As such, a sensing device that Integrates the vari- 
ous lectro-optical components on a single platform 
would be advantageous. The device should render data 
reflecting the critical angle at which total Internal reflec- 

s tion is observed. The data should be available in either 
raw or processed format to permit further analysis by a 
personal computer or other similar processing system. 
A device that is small, lightweight and integrated would 
have widespread application and fill the void left by prior 

fO art sensors. 

SUMMARY OF THE INVENTION 

Respective aspects of the present invention are set 

IS forth in ctairns 1. 15, 23 and 28. 

Most prior art refractometers are of the Abbe type 
in which total internal reflection is observed visually and, 
as such, have limited field application. Embodiments of 
the present invention provide* an integrated sensor ca- 

20 pable of use in most field applications that provides 
meaningful critical angle data easily analyzed and inter- 
preted by a computer or other similar system. 

Further embodiments of the present invention pro- 
vide a percent composition sensor that detects whether 

25 a liquid solution consists of a sufficient fraction of a com- 
ponent of interest. The prior art liquid level sensors are 
limited in this application in that they detect only pres- 
ence or absence of a liquid rather than glean data indic- 
ative of a sample's percent composition. 

30 Yet further embodiments of the present invention 
provide a low cost sensor that may be manufactured in 
high volume. Embodiments of the invention provide a 
miniature, lightweight sensor and use low-cost compo- 
nents. 

3S Generally, and in one form of the invention, a light 
source emits electromagnetic radiation at a range of an- 
gles within a protective optical housing. One or more 
mirrored surfaces of the housing direct the light to a 
sensing surface which is in contact with the sample of 

40 interest. Light striking the sensing surface at angles of 
incidence smaller than the critical angle is partially re- 
fracted into the sample and partially reflected within the 
housing. At angles of incidence greater than the critical 
angle, light is totally internally reflected towards an on- 

45 board photodetector. 

The photodetector senses illumination intensity of 
the reflected light rays. This intensity is at its highest in 
the total internal reflection region. A transition from high 
to low is indicative of the critical angle, and can be 

so sensed by the individual cells of the photodetector to 
produce an output signal. The signal is converted to a 
corresponding voltage and in one embodiment of the in- 
vention, relayed to a signal processing unit. 

Once the critical angle is determined, the refractive 

55 index of the sample may be determined, which is indic- 
ative of one or more sample properties. In another em- 
bodiment, a temperature sensor is included to provide 
temperature monitoring near the sensing surface. All 
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system components are included within the protective 
optical housing, including the light source, the photode- 
tector. the signal processing circuitry, and the tempera- 
ture sensor. 

An advantage of one embodiment of the present in- 
vention is it contains the necessary electro-optic com- 
ponents within a protective encapsulating housing. As 
such, it accomplishes much of the signal processing it- 
self without requiring additional external circuitry to an- 
alyze raw data. Another advantage of the invention is 
its small size, allowing the device to be employed in a 
large number of field applications. For example, refer- 
ence is made to one suitable component for the photo- 
detector, the TSL1401, which has dimensions of ap- 
proximately 7.5mm(3") x 1mm(0.4') x 0.8mm(0.32"). In 
addition to being miniaturized, the sensor components 
are low-cost and are readily available in the industry. 
Thus, the sensor may be manufactured in high volumes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention, including its features and advantages, refer- 
ence is now made to the following detailed description 
of illustrative embodiments, taken in conjunction with 
the accompanying drawings in which: 



Figure 1 depicts a prior art liquid level sensor sys- 
tem; 

Figure 2 depicts a general block diagram of an in- 
tegrated critical angle sensor system; 
Figure 3 depicts an embodiment of a critical angle 
sensor system in accordance with the present in- 
vention; and 

Figure 4a illustrates an alternative embodiment of 
a sensor for deriving critical angle measurements 
over a range of angles; and 
Figure 4b illustrates an alternative embodiment of 
a sensor for deriving critical angle measurements 
from a single ray of incident light. 

Corresponding numerals and symbols in the differ- 
ent figures refer to corresponding parts unless other- 
wise indicated. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In Figure 1, a liquid level sensor known to those 
skilled in the art is shown and denoted generally as 10. 
The prior art sensor 10 comprises a light source 12 and 
a photodetector 14, both coupled to an upper surface 
18 of the platform 16. A bottom surface 20 of platform 
16 has a plurality of conductive pins 22 extending there- 
from and providing an interface to the outside world. 

S nsor 10 uses a prism-shaped structure 24 pre- 
disposed inside a liquid chamber 38 which contains the 



sample liquid 40. Light 28 emitted from light source 12, 
reflects off the first prism surface 26 in the direction of 
a second prism surface 28 where it refl cts and is inci- 
dent on the photodetector 14. 

5 The optica! prism 24 is made of a light transmissive 
material, such as glass or plastic, making the sensor 10 
compatible with the environment inside the chamber 38. 
This configuration, however, poses a problem in that it 
can cause changes in fluid flow patterns in the sample 

^0 40. Furthennore. the sensor 10 is sensitive only to de- 
tecting the presence or absence of the liquid sample 40 
in the chamber 38. 

Turning now to Figure 2, the advantages of the 
present embodiment are made apparent to those skilled 

'5 in the art. wherein block diagram of an integrated critical 
angle sensor 50 is shown as 50. Sensor 50 detects the 
presence of a sample 40 by using critical angle to find 
the sample's refractive index, as shown in Equation 1 
beJow, where is the index of refraction of the medium 
^0 of transmission (sample 40), is the index of refraction 
of the medium of origin (light transmissive housing 55), 
and is the critical angle (75). 



25 



n2=(n,) (sin 0^). 



Eq. 1 



As shown in Figure 2, the necessary electro-optic 
components are contained within an encapsulating light 
transmissive housing 55. Light source 57 emits electro- 
magnetic radiation, or light rays, 59, 60, and 61 toward 
a reflective mirrored surface 62. The light rays 59, 60. 
and 61 then travel through housing 55 in the direction 
of sensing surface 64 which forms the interface between 
the sensor 50 and the sample 40. Thus, the sensing sur- 
face 64 is in direct contact with the sample 40. 

The plurality of light rays 59. 60 and 61 strike the 
sensing surface 64 at a range of angles. For angles of 
incidence smaller than the critical angle 75, a portion of 
the light is refracted into the sample 40 resulting in an 
overall loss. This is illustrated by refracted ray 63 which 
travels into the sample 40 and reflected ray 65 which 
reflects into housing 55 at angle 74. 

At the critical angle 75, a light ray 60 reflects along 
the sensing surface 64 at 90** angle of refraction mini- 
mizing the overall light loss into sample 40. 

Thus, a critical angle 75 can be measured as the 
angle measured between the incident light ray 67 and 
the normal to the sensing surface 64. For angles of in- 
cidence larger than the critical angle 75, such as 76, the 
incident ray 69 is totally internally reflected within hous- 
ing 55, with no refracted component, and its full intensity 
is therefore directed toward photodetector 90. This total 
interna! reflection can only occur when light originates 
in a medium of a higher index of refraction. 

It should be noted, however, that the refractive in- 
dex of the housing material may be lower than the sam- 
ple 40. in such a configuration, the sensor 50 can be 
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used to render a threshold level of refractive index elim- 
inating a range less than that of the housing material. 

For optical radiation, a suitable photodetector 90 is 
the TSI-21 3, TSL401 , and TSL1 401 , with a linear array 
of resolution n x 1 consisting of n discrete photo sensing s 
areas, or pixels. Light energy striking a pixel generates 
' electron-hole pairs in the region under the pixel. The 
field generated by the bias on the pixel causes the elec- 
trons to collect in the element while the holes are swept 
into the substrate. Each sensing area in the photodetec- 
tor 90 thereby produces a signal on an output with a volt- 
age that is proportional to the intensity of the radiation 
(60, 65, 70) striking the photodetector 90. This intensity 
and its corresponding voltage are at their maxima in the 
total internal reflection region. 

It should be understood that various means of pho- 
todetectlon are contemplated by the invention including 
an n X 1 cell photodetector such as the TSL21 3, TSL401 , 
and TSL1401. In addition, a single cell photo resistor, 
bolometer, positive sensitive detector, pyrolectric device 
as well as other devices may be used. 

As described, a range of angles of the reflected light 
rays are projected onto photodetector 90. The critical 
angle is marked by a transition from high to low. The 
output, representing bit level data from the photodetec- 25 
tor 90, is transmitted within housing 55 via interface 92 
to a signal processing unit 95 for further qualitative and/ 
or quantitative analysis. 

The signal processing unit 95 may provide the nec- 
essary interface control signals, such as clock line and 30 
serial input, for protocol communications with the pho- 
tode'ector 90, Signal processing unit 95 may be used 
increasing the sensor's over that obtained by the pho- 
todetector 90 pixel resolution. It should be understood, 
however, that the signal processing unit 95 is disclosed 35 
in conjunction with a contemplated embodiment and, as 
such, does not constitute a necessary component of the 
invention. 

When used, signal processing unit 95 is prepro- 
grammed to analyze and characterize the intensity, oc- 40 
currence and timing of light rays 60, 65, and 70 to obtain 
qualitative and quantitative information about the sam- 
ple 40. For example, signal processing unit 95 can be 
preprogrammed to detemnine the total amount of time 
that sample 40 is within a given proximity of the sensor 
50. Also, signal processing unit 95 can be prepro- 
grammed to determine the frequency of sample 40 over 
a given period of time. As can be appreciated, other re- 
sults are also possible and within the scope of the 
present invention. 

Output data from signal processing unit 95 may be 
transmitted via interface 96 to a secondary system, such 
as a computer, hand-held meter, calculator, printer, logic 
analyzer, or other similar system (not shown). In various 
embodiments, the interface 96 comprises a plurality of 55 
conductive pins, giving the sensor a platform similar to 
an integrated circuit package. 

Sensor 50 may also include a temperature sensor 



98 within the housing 55. Temperature sensor 98 pro- 
duces an electrical signal indicative of the temperature 
of the sensor surface 64 during operation thereof. This 
temperature signal may be relayed to signal processing 
unit 90 via interface 97. Temperature data can be utilized 
to compensate for apparent changes in the measured 
Index of refraction as a result of changes in the operating 
temperature. 

In reference to Figure 3, a specific embodiment of 
sensor 50 in accordance with the present invention is 
shown and denoted as 100. The electro-optic compo- 
nents of sensor 1 00, including light emitting diode 1 05. 
photodetector array 107, signal processing unit 95. and 
temperature sensor 96, are ail encapsulated within the 
trapezoidal-shaped housing 115 and coupled to an up- 
per surface 109of a platfoHTj 111. A plurality of conduc- 
tive leads 115 are operably coupled to a bottom surface 
113 of platform 111. 

Housing 1 1 5 has an optical geometry such that light 
117 from LED 105 will reflect from mirrored surface 119 
to sensing surface 121 and then strike photodetector 
107. It is desirable to have the radiation strike the pho- 
todetector 107 at angles as close as possible to 90°. By 
shaping sensor 100 such that light 11 7 strikes the pho- 
todetector 107 at an angle close to 90*, the photodetec- 
tor 107 will have the maximum possible sensitivity It 
should be understood, however, that other configura- 
tions of housing 115 may be employed consistent with 
the present invention. 

Also, sensing surface 121 is depicted as planar in 
Figure 3, but other geometries may be employed. Spe- 
cifically, sensing surface 121 may have a convex, con- 
cave shaped or may be otherwise fitted. 

Housing 115 is madeof a lighttransmissive material 
in which light 1 17 from light source 1 05 travels. Suitable 
materials include glass, plastic or hardened epoxy, al- 
though other materials may be used that preferably will 
not damage the encapsulated components. In particu- 
lar, an epoxy marketed under the trademark Epocast® 
201 3 Parts A/B by Furane Products Company has been 
found useful, especially for radiation sources in the in- 
frared range. Other usable materials include Emerson 
& Gumming, Stycast 1269A Parts A/B, Tracon Trabond 
F114. Dexter Hysol OS1000, Norland 61 and 63, Dexter 
Hysol MG18. and Nitto 8510-1100. 

Housing 115 is coupled to the platform 111 to form 
an encapsulated self-contained sensor In one embod- 
iment of the invention, platfomn 111 is made of a dark, 
light-absorbing material, such as a hard resin or epoxy. 
However, the material of platform 111 depends primarily 
on the radiation properties of light source 105. Also, plat- 
form 111 could be coated with a dark layer of light-ab- 
sorbing material such as polyurethane epoxy or a thin 
resin layer among others. 

As shown, embedded within housing 115 and oper- 
ably coupled to a surface 109 of platform 111 is light 
source 1 05. Light source 1 05 may comprise a light emit- 
ting diode (LED), laser diode, light filament, halogen 
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lamp, or other suitable source of electromagnetic radi- 
ation. Also, in one embodiment of the invention, a plu- 
rality of light sources that emit light of different wave- 
lengths are used. 

The mirrored surface 119 of housing 115 is dis- 
posed adjacent light source 105 such that light rays 117 
travel from light source 105, strike surface 119, and re- 
flect toward sensing surface 121. The sensing surface 
121 may be planar, convex, concave or otherwise fitted. 
In another embodiment (not shown) of the invention, 
surface 119 is disposed near the photodetector 107 
such that light rays 117 from light source 105 reflect off 
the sensing surface 121 toward surface 119 and then 
off surface 119 towards photodetector 107. 

Surface 11 9 is depicted as a planar surface of sen- 
sor 100, although, surface may be concave or convex, 
consistent with the present invention. Also, in another 
embodiment of the invention, a plurality of mirrored sur- 
faces are utilized to direct light rays 11 7 from light source 
105, to sensing surface 1 21 , and ultimately to photode- 
tector 107. 

The photodetector 107 is embedded within housing 
115 and operabiy coupled to platform 111. Suitable pho- 
todetectors 107 Include without limitation the TSL213, 
TSL401 , and TSL1401 . Likewise, signal processing unit 
95 is embedded within housing 1 05 and coupled to plat- 
form 111 and operabiy interfaced to photodetector 95 
via well known methods. / 
Temperature sensor 98 is also embedded within / 
housing 105 and coupled to upper surface 109 of plat- / 30 
form 111. It is desirable that temperature sensor 98 be \ 
disposed as close to the sensing surface 1 21 as is prac- j 
tical. \ 

. A filter may be used to screen out radiation at wave- ' 
lengths other than wavelengths produced by light 3S 
source 105. This filter (not shown) would overly photo- 
detector 107 and serves to pass radiation at the wave- 
lengths produced by light source 105 to photodetector 
107. As such, the filter eliminates unwanted noise 
caused by other radiation sources in proximity to the 
sensor 1 00. One suitable filter is the plastic filter material 
marketed by Polaroid Corporation and known as XR-84. 
This material is especially suitable for passing infrared 
radiation and blocking visible radiation. 

An alternative to utilizing a filter is to utilize a plastic ^5 
or epoxy material for the housing 1 05 which is transpar- 
ent to wavelengths produced by the light source 1 05 and 
opaque to frequencies outside the desired frequency 
range of interest for a given sensor/sample combination. 
Likewise, an absorbing die can be enclosed in the hous- so 
ing 1 05 to achieve the same function. 

Those of skill in the art will recognize that the ele- 
ments of sensor 100 can be relocated, rearranged or 
about the sensor platform 111 while retaining equiva- 
lence in function according to the invention. For exam- ss 
pie, mirrored surfaces 119 utilized for reflecting the light 
rays 117 could take on oth r configurations and loca- 
tions within th sensor 100 so long as the light 117 



strikes the sensing surface 121 and the Intensity of the 
radiation reflected therefrom is measured as a function 
of the angle of the radiation striking the sensing surface 
121, 

5 Further alternative embodiments of a critical angle 
sensor system consistent with the present invention are 
illustrated in Figures 4a and 4b. In Figure 4a. the hous- 
ing 1150 is secured to a sample container 150 using 
sealant 155 near the sensing surface 121, An shown. 
10 light 117 radiates from light source 105 at a range of 
angles in the direction of curved mirrored surface 1 57, 
Light 1 1 7 is focused and reflected off surface 1 57 toward 
sensing surface 121. Light 117 is then reflected from 
sensing surface 1 21 towards a photodetector 1 07 which 
15 comprises an n x 1 photodetector array with n cells of 
the type well known in the art. 

Photodetector array 107 receives the light incident 
over a broad range of angles and yields a binary output 
of either high or low for each light cell where sufficient 
20 light is sensed. The output of each cell can be carried 
on interface 115, as individual binary signals of each 
photo cell, to an external system (not shown), such as 
a computer, hand-held meter, calculator, printer, logic 
analyzer, oscilloscope, or other similar system. Thus, 
the present embodiment makes use of the variation of 
critical angle with refractive index along sensing surface 
121. 

Yet another embodiment of a critical angle sensor 
system according to the invention is shown in Figure 4b 
wherein the light 117 from light source 105 comprises a 
single ray of light directed at surface 157 and in the di- 
rection of sensing surface 121 . Light incident the sens- 
ing surface 121 is directed at the photodetector 159 
which in this case comprises a single cell photodetector 
which has been prepositioned at a predetermined loca- 
tion on platform 111. 

The photodetector 159 is of the type well known in 
the art and its location on platform 111 corresponds to 
a specific angle of refractive index. Thus, in Figure 4b 
the sensor 145 is configured to detect light incident at a 
given critical angle corresponding to the location of the 
photodetector 154 about the upper surface 109 of plat- 
form 111. The output from the detector cell 159 is a sin- 
gle bit present/no present indicator that appears at in- 
terface 115 and can be transferred to a remote process- 
ing system for further qualitative and/or quantitative 
analysis. While this invention has been described with 
reference to illustrative embodiments, this description is 
not intended to be construed in a limiting sense. Various 
modifications and combinations of the illustrative em- 
bodiments as well as other embodiments of the inv n- 
tion will be apparent to persons skilled in the art upon 
reference to the description 



Claims 

1. An integrated sensor for determining the critical an- 
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g!e of incident light from an interface between a sur- 
face of said sensor and a sannple, said sensor com- 
prising: 

a light source coupled to a surface of a plat- 
form; 

a photodetector coupled to said surface of said 
platform adjacent said light source; and 
a light transmissive housing coupled to said 
platform in an encapsulating manner over said 
surface, said housing having an outer sensing 
surface coated with a surface plasmon reso- 
nance layer. 

2. The system as recited in Claim 1 wherein said hous- 
ing is composed of a material having a higher index 
of refraction than the sample. 

3. The system as recited in Claim 1 or Claim 2 wherein 
said housing is composed of light transmissive 
epoxy material. 

4. The system as recited in any preceding Claim 
wherein said housing has a substantially pyramidal 
shape. 

5. The system as recited in any of Claims 1 to 3, 
wherein said housing has a substantially trapezoi- 
dal shape. 

6. The system as recited in any preceding Claim, 
wherein said photodetector is a linear solid state 
photoarray. 

7. The system as recited in any preceding Claim 
wherein said housing has a reflective surface dis- 
posed to receive light from said light source and di- 
rect it towards said photodetector. 

8. The system as recited in Claim 7, wherein said re- 
flective surface is a planar surface. 

9. The system as recited in Claim 7, wherein said re- 
flective surface is a concave surface. 

10. The system as recited in any preceding Claim fur- 
ther comprising a plurality of light sources emitting 
light of different wavelengths. 

11. The system as recited in any preceding Claim fur- 
ther comprising a signal processing unit coupled to 
said surface of said platform and electronically con- 
nected to said photodetector. 

12. The system as recited in any preceding Claim fur- 
ther comprising a plurality of conductive leads cou- 
pled to surface of said platform and forming conduc- 
tive pathways to said photodetector. 



13. The system as recited in any preceding Claim fur- 
ther comprising a temperature sensor embedded in 
said housing. 

5 14. The system as recited in Claim 13, wherein said 
temperature sensor is disposed in close proximity 
to said sensing surface of said housing. 

15. An optical critical angle sensor for measuring the 
10 positional intensity of incident light reflected from an 

interface between the sensor and a sample, the 
sensor comprising: 

a first light source coupled to said a surface of 
IS said platform; 

a photodetector operably coupled to said sur- 
face of said platform adjacent said first light 
source; 

a housing extending over said surface and en- 
20 capsulating said platform, said housing having 

a reflective surface predisposed to receive light 
from said light source and a sensing surface 
having a surface plasmon resonance layer 
thereon. 

25 

16. The system as recited in Claim 15, wherein said 
housing is sealed to a transparent surface of a 
chamber containing said sample. 

30 17. The system as recited in Claim 15 or Claim 16, 
wherein said photodetector is a linear array. 

18. The system as recited in any of Claims 15 to 17 
wherein said housing has an optical geometry that 

35 allows light from said light source to strike said 
sensing surface, and reflect off said sensing surface 
to strike said photodetector. 

19. The system as recited in any of Claims 15 to 18, 
40 wherein said housing is composed of a medium with 

a high index of refraction as compared to the sam- 
ple of interest. 

20. The system as recited in any of Claims 15 to 19, 
45 wherein said reflective surface is a planar surface. 

21. The system as recited in any of Claims 15 to 19, 
wherein said reflective surface is a concave sur- 
face. 

50 

22. The system as recited in any of Claims 15 to 21, 
wherein said housing is coated with a chemical lay- 
er known to react with the sample of interest. 

55 23. A critical angle sensor comprising: 

a platform having first surface with at least one 
light emitting diode and a photodetector cou- 
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pled thereto and a second surface with a plu- 
rality of signal pins extending therefrom; and 
a light transmissive optical housing coupled to 
said platform in an encapsulating manner over 
said first surface, said housing having a refiec- s 
tive mirrored surface, said reflective mirrored 
surface predisposed to receive light from said 
light source and direct it towards a sensing sur- 
face coated with a surface plasmon resonance 
layer, said sensing surface being predisposed io 
to direct light towards said photodetector. 

24. The system as recited in Claim 23 further compris- 
ing a signal processing unit coupled to said first sur- 
face of said platform and electronically intercon- is 
nected between said photodetector and said plural- 
ity of signal pins. 

25. The system as recited in Claim 23 or Claim 24, 
wherein said housing has a substantially trapezoi- 20 
dal shape. 

26. The system as recited in any of Claims 23 to 25, 
wherein said photodetector is a linear solid state 
photoarray. 2s 

27. The system as recited in any of Claims 23 to 26, 
further comprising a temperature sensor coupled to 
said surface of said platform and embedded in said 
housing. 30 

28. A method of detecting a biochemical sample using 
a critical angle sensor comprising the steps of: 

placing the sample in contact with the sensor; 3S 
directing light towards the interface between 
the sample and the sensor; and 
measuring the intensity of the light reflected 
from the interface between the sample and the 
sensor. 40 
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